The 1 H-pyrazole-3-carboxylic acid 2 is obtained easily from the furan-2,3-dione 1 and Phenylhydrazine and converted via reactions to its acid chloride 3 which reacts with various binucleophiles diamine derivatives 4a-f and gives the corresponding 1 H-pyrazole-3-carboxamides and -3-carboxylates 5a-i i η g ood yields (50-90 %). The structures ο f a II η ew synthesized c ompounds w ere determined with the 13 C NMR, 1 H NMR, IR, MS spectroscopic data and elemental analyses. Most of them were compared with their previously obtained analogues. The electronic structures of the reactants, their transition states, intermediate states and final products of the reactions were investigated on the base of the AM1 method.
Introduction
The chemistry of furan-2,3-diones which belong to an important group of oxygen-containing heterocyclic starting materials has been widely explored in general during the last few decades [1] [2] [3] [4] , The cyclocondensation reactions of 1,3-dicarbonyl compounds with oxalyl chloride represent a convenient synthesis of furan-2,3-dione systems [5, 6] . in particular, derivatives of such vicinal-dione compounds have been found to serve as versatile synthons in (a) thermolysis reactions [7] [8] [9] [10] [11] [12] (b) cycloaddition reactions [13] [14] [15] [16] [17] [18] [19] and (c) reactions with nucleophiles [20] [21] [22] , A convenient method for the synthesis, the mechanism of reactions and semiempirical (AM1) calculations on the interaction of 4-benzoyl-5-phenyl-2,3-dihydro-2,3-furandione (1) with several semicarbazones, ureas, thioureas and oximes have been reported recently [23] [24] [25] [26] [27] [28] , The reaction of the furan-2,3-dione 1 with various phenyl-hydrazones and Phenylhydrazine leads to pyrazole-carboxylic acid 2 and pyridazinones [29] [30] [31] .
Pyrazole derivatives are well-known nitrogen-containing heterocyclic compounds, and various procedures have been developed for their syntheses [32] [33] [34] [35] , The chemistry of pyrazole derivatives continues to attract interest due to a wide spectrum of their potential biological and pharmacological activities such as anti-microbial, anti-viral, anti-tumor, anti-fungal, pesticidal, anti-convulsant, antidepressant ones [36] [37] [38] [39] [40] [41] [42] [43] , For these reasons, in this study we attempted both to prove reproducibility of the reaction of 4-benzoyl-1,5-diphenyl-1H-pyrazole-3-carboxylic acid 2 with various binucleophiles 4 and to extend our investigations related to the preparation of new heterocycles possessing one or two pyrazole rings in their structure. In this paper we report the synthesis and characterization of the 1H-pyrazole-3-carboxamides and -3-carboxylates 5a-i obtained from the reaction of the pyrazole-3-carboxylic acid 2 or the pyrazole-3-carboxylic acid chloride 3 with the corresponding diamine or aminophenol derivatives 4a-i such as substituted 1,2-phenylenediamines and 2-aminophenols or 2-aminothiophenols reagents (Scheme-1). The reaction pathways leading to the compounds 5 are discussed, too. To probe the electron structure of reagents, products, a nd transition and intermediate states as well, quantum-chemical calculations were carried out.
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Scheme-1
To clear up the mechanism of the reactions of 1 H-pyrazole-3-carboxylic acid 2 with diamine derivatives 4a-j, we carried out quantum-chemical calculations related to the main steps of the reaction.
These calculations were done by means of semi-empirical method AM1 with full geometry optimization for reactants, intermediates and products. Calculation of vibration frequencies was performed for transition molecules, and negative imaginary frequencies were found for transitional states. This means that the structure is a true transition state; thus, we can determine if the structure connects the correct reactants and products, by examining its imaginary frequency being the result of an intrinsic reaction coordinate (IRC) calculation. AM1 calculations were carried out by means of the GAUSSIAN 98W
program package (Version 6.0 Rev B.04) [44] ,
Results and Discussion
The compounds of substituted furan-2,3-dione 1 and 1H-pyrazole-3-carboxylic acid 2, as well as 1H-pyrazole-3-carboxylic acid chloride 3, which are used as important initial materials in the synthesis of the target heterocycles, were prepared using the literature procedures [1-3, 29, 30] , as shown in Scheme-1. The reaction of two-fold molar excess of the compounds 2 or 3 with some diamines or aminophenols 4 led to the formation of the corresponding dicarboxamide or amide-ester derivatives 5 in good yields (65-90 %), without opening the pyrazole ring. All the reactions were performed in boiling benzene, toluene or xylene under reflux for 4-14 hours, by the usual chemical methods (for details see the Experimental). Addition of binucleophiles to the acid 2 or acid chloride 3 usually starts with nucleophilic attack at the acid or acid chloride moieties in compounds 2 or 3. Therefore, from the sequential attacks of the diamine or aminophenol at the acid chloride moieties of two respective molecules of 3, followed by elimination of hydrogen chloride (or by elimination of water, in the case of compound 2), new products 5a-i arise. The structures of the compounds 5 were confirmed by IR and NMR spectroscopic techniques, besides the elemental analysis. These results are in full agreement with those obtained for substituted 1 H-pyrazole-3-carboxamides and -3-carboxylates [29] [30] [31] . In the first experiment, product 5a was obtained in 85 % yield by treating 3 with 1,2-phenylenediamine (4a) and [45] . Structural data for these compounds 5 are depicted in Table- 1.
Conformational and electron characteristics of reagents and intermediate product that have been calculated with AM1 method are given in Table- Table-3 . Table 3 ).
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Figure-2 : Pathways of the reaction for product 5a
Transition states, IRC (intrinsic reaction coordinate) and RMS gradient along IRC for 5a, 5b, 5d, 5e
products are given respectively in Figure3, in Figure 4 , and Figure 5 .
All reactions proceed through a strongly asynchronous transition state with the bond C6-N10
formation at the first stage. RCS-NIO bond's lengths for TS1 (b), TS1 (d) , and TS1 (e) are is 1.53, 1.55, 1,55 A, respectively. After the C6-N10 bond formation, significant lengthening of bonds R C6 =07 and Rce-oa is observed. As soon as the Rce=07 bond equals to 1.22 A for the reactant, same bond lengths become IRC option requests that a reaction path be followed [46, 47) . The geometry is optimized at each point along the reaction path such that the segment of the reaction path between any two adjacent points is described by an arc of a circle, and so that the gradients at the end points of the arc are tangent to the path. The path can be computed in mass-weighted internals, cartesian or internal coordinates. By default, an IRC calculation steps 6 points in mass-weighted internals in the forward direction and 6 points in the reverse direction, in steps of 0.1 amu" 2 bohr along the path. In Figure 5a , 
Experimental
Melting points were determined on an Electrothermal 9200 apparatus; they were uncorrected.
Microanalyses were performed on a Carlo Erba Elemental Analyser Model 1108. The IR spectra were recorded on a Jasco FT-IR spectrometer model 460, using potassium bromide pellets. 
Conclusions
The compounds 5a-i were obtained as a result of the reaction of the 1H-pyrazole-3-carboxylic acid 2 or its acid chloride 3 with various binucleophiles diamine derivatives 4a-i. Semi-empirical method AM1 was used to determine the electronic structure and study the reaction mechanism. Each amine group of o- 
